Richard S. Irwin, MD, Master FCCP; on behalf of the CHEST Expert Cough Panel BACKGROUND: Cough is a common symptom prompting patients to seek medical care. Like patients in the general population, patients with compromised immune systems also seek care for cough. However, it is unclear whether the causes of cough in immunocompromised patients who are deemed unlikely to have a life-threating condition and a normal or unchanged chest radiograph are similar to those in persons with cough and normal immune systems.
Summary of Suggestions 1 . For ambulatory immunocompromised adults with cough and normal chest radiographs, we suggest that the initial approach to the diagnosis of the cause of cough be the same as in immunocompetent persons (Ungraded Consensus-Based Statement). 2. For ambulatory immunocompromised adults with cough and normal chest radiographs, we suggest that evaluations for specific diseases associated with underlying immune disorders should be conducted if the common causes of cough in the general population are excluded (Ungraded ConsensusBased Statement). 3. For ambulatory immunocompromised adults with cough and HIV infection who reside in areas with a high prevalence of TB, we suggest that TB should be part of the initial evaluation regardless of the radiographic findings (Ungraded Consensus-Based Statement).
Cough is a common symptom that prompts patients to seek medical care. Many immunocompromised patients present with cough and abnormal chest radiographs. 5 These patients are often seriously ill, and the initial evaluation generally focuses on establishing a diagnosis of a specific, often opportunistic, pulmonary infection. However, ambulatory immunocompromised patients present with cough in a fashion similar to that of otherwise healthy persons, with acute or chronic cough and normal chest radiographs. The panel questioned whether the most likely causes of cough in this group are similar to those in the general population (eg, upper airway cough syndrome, asthma, nonasthmatic eosinophilic bronchitis, and gastroesophageal reflux disease) or whether evaluation for opportunistic infection should be part of the initial evaluation.
Methods
The methodology of the CHEST Guideline Oversight Committee was used to select the Expert Cough Panel assigned to perform the systematic review, synthesize the evidence, and develop the recommendations and suggestions. 6 
Systematic Review Question
The key clinical question was systematically reviewed using the Population, Intervention, Comparator, Outcome format. The question for review was: "What are the most common causes of cough in ambulatory adults with immunodeficiency who have normal chest radiographs?" The inclusion and exclusion criteria for the review are listed in Table 1 .
Literature Search
A systematic literature search for individual studies was conducted using the following databases: PubMed, Scopus, Cochrane Central, and the Cochrane Database of Systematic Reviews, with no date limitations (e-Appendix 1). Searches were conducted from the start of the databases until August 24, 2015, the time of the search. All searches were limited to English, Spanish, and French. Panelists reviewed the titles and abstracts of the search independently in parallel to identify potentially relevant articles based on the inclusion and exclusion criteria. Discrepancies were resolved by discussion. Studies that were deemed eligible then underwent a second round of full-text screening for final inclusion.
Quality Assessment and Data Extraction
Studies meeting all inclusion criteria were then assessed for quality and risk of bias using the appropriate tools. These tools included the Documentation and Appraisal Review Tool for systematic reviews, 7 the Cochrane Risk of Bias Tool for randomized controlled trials, 8 or the Risk of Bias Tool for Cohort Studies. 9 Relevant data from each study were then extracted into structured evidence tables. 
Grading the Evidence and Development of Recommendations
Grading of Recommendations Assessment, Development, and Evaluation (GRADE) evidence profiles were planned to guide the overall quality of the body of evidence based on five domains: risk of bias, inconsistency, indirectness, imprecision, and publication bias. 6 The quality of the evidence for the outcome was rated as high, moderate, or low. The writing group then drafted recommendations if there was sufficient evidence. Recommendations would be graded using the CHEST grading system, based on the strength of the recommendation (either strong or weak) and a rating of the overall quality of the body of evidence. When there is insufficient evidence but guidance is still warranted, a weak suggestion can be developed and an "Ungraded Consensus-Based Statement" replaces the grade. For a recommendation or suggestion to be accepted, it had to be voted on during a Delphi process by 75% of the eligible cough panelists and achieve ratings of "strongly agree" or "agree" by 80% of the voting panelists.
Results
The search retrieved 2,180 documents, which the panelists then reviewed by title and abstract. The panel selected a total of 44 studies for full-text review. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for the search and study selection is presented in e- Figure 1 . After applying all inclusion and exclusion criteria to the 44 studies, no study was identified as eligible.
Discussion
This systematic review revealed no studies that fulfilled our criteria on which to base a recommendation to guide the clinician on whether the initial steps in the diagnostic algorithm in ambulatory immunocompromised adult patients with cough and normal chest radiographs are different from those in persons with intact immune systems. The "recommendations" in the 2006 guideline were re-evaluated and abandoned based on adherence to current methodology. Rather, we offer "suggestions" based on an expanded list of search terms, systematic review, and application of GRADE methodology.
Nevertheless, the panel suggests that clinicians consider common diagnoses that explain cough in immunocompromised patients, regardless of a normal chest radiograph. The sensitivity of the radiograph in detecting pulmonary infection is limited, especially when the immune system is incapable of mounting a normal inflammatory response. 5, 10 For example, 
HIV-infected patients with TB often present with cough and normal chest radiographs, especially when there is severe immunocompromise and residence in regions with a high prevalence of TB. 11 In a study of 334
consecutive HIV-infected adults with cough of $ 2 weeks' duration who were admitted to a single hospital in Uganda, 54 had normal chest radiographs. 12 The most common diagnoses were pulmonary TB in 24 patients (44%), unknown diagnosis in 19 patients (35%), pulmonary aspergillosis in three patients (6%), and pulmonary cryptococcosis in two patients (4%). Four patients had two simultaneous respiratory infections.
Patients with CD4-positive lymphocyte counts # 50 cells/mL were more likely to have normal radiographs than were others with higher counts.
Noninfectious disorders may also cause cough with normal radiographs in specific clinical situations. For example, obliterative bronchiolitis typically occurs up to a year after bone marrow transplantation; these patients generally present with cough and dyspnea, often with normal chest radiographs. 13, 14 Some patients with cancer, cough, and normal chest radiographs are ultimately diagnosed with endobronchial metastasis on bronchoscopy, such as Kaposi sarcoma associated with AIDS. 15, 16 Suggestions 1. For ambulatory immunocompromised adults with cough and normal chest radiographs, we suggest that the initial approach to the diagnosis of the cause of cough be the same as in immunocompetent persons (Ungraded Consensus-Based Statement). 2. For ambulatory immunocompromised adults with cough and normal chest radiographs, we suggest that evaluations for specific diseases associated with an underlying immune disorder should be conducted if the common causes of cough in the general population are excluded (Ungraded Consensus-Based Statement). 3. For ambulatory immunocompromised adults with cough and HIV infection who reside in areas with a high prevalence of TB, we suggest that TB should be part of the initial evaluation regardless of the radiographic findings (Ungraded Consensus-Based Statement).
Future Studies to Consider to Close the Gaps in Knowledge
Prospective studies should be performed to determine the spectrum and frequency of causes of acute, subacute, and chronic cough in ambulatory immunodeficient adult patients as well as whether the causes are similar or different than in immunocompetent patients. Prospective studies should be performed to determine if the spectrum and frequency of causes of acute, subacute, and chronic cough in ambulatory immunodeficient adult patients is different in patients with different types and severity of immune defects and geographic factors. Prospective studies should be performed to determine the best diagnostic algorithm for diagnosing the causes of acute, subacute, and chronic cough in ambulatory immunodeficient adult patients.
Conclusions
A consensus of the panel suggested that the initial diagnostic algorithm for ambulatory patients with cough of any duration should be similar to that for immunocompetent persons but that the context of the type and severity of the immune defect, geographic location, and social factors be considered. The panel also suggested that TB should be part of the initial evaluation of patients with HIV infection who reside in regions with a high prevalence of TB, regardless of the chest radiographic findings.
